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Abstract—The article focus on the feasibility of the 
Near-Field ElectroSpinning (NFES) for possible low 
voltage drive, tracking control and clog prevention, which 
possibly can be integrated with micro/nano fabrication to 
make micro/nano devices. Experiments are designed to 
investigate the effects of parameters on the electrospinning 
process, including concentration of the solvent/polymer 
solution, the voltage and gap between electrodes. The 
results of NFES show that solid nanofibers with diameter 
of 50nm~500nm can be electrospun onto silicon and silicon 
dioxide substrate with a 500μm gap, in which a tungsten 
probe tip with diameter of 20μm was used as the spinneret 
under bias of 800 Volts. Nanofiber with spring-like 
structure collected on the fixed silicon substrate is different 
completely from that on silicon dioxide, which with 
spirality lying on the plane. Straight line with helical 
structures paralleled to the track of the probe tip and 
waved nanofiber were drawn out on silicon and silicon 
dioxide substrate respectively. The straight nanofiber 
without helical structures and wave could be drawn on the 
substrate if its moving speed is compatible with the 
electrospinning speed. 
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I. INTRODUCTION 
Electrospinning based on strong electrostatic driving 
mechanism can fabricate long and continuous nanofibers with 
diameters less than 100nm [1, 2], even 5nm [3] and nanotubes 
[4]. Non-woven mat or aligned fibers have potential 
applications such as bio-scaffold, wound dressing, filtrations, 
defense dress and composite materials [2, 22] etc. Another 
application area could be micro/nano devices such as 
electronic devices, sensors [5-7], and actuators. Furthermore, 
it could be feasible to deposit bio-materials such as DNA on 
chip without thermal damages because the process is 
conducted at room temperature under atmospheric condition, 
without the need of lithography or direct contact such as in the 
Dip-Pen nanolithography setup [8]. 
Just like nanowires and nanotubes, the directions and 
locations of nanofibers from electrospinning have to be well 
controlled before it has practical application in micro/nano 
devices. Nanowires/nanotubes have been grown on substrate 
under well-controlled conditions such as gas pressure, 
chamber temperature and catalyst selections [9, 10]. It has 
been difficult to obtain deterministic structures such as single 
nanowire/tube, or to make aligned and directional 
nanowires/tubes [11-13]. With low cost and simple setup, 
electrospinning can draw long and continuous nanofibers with 
diameters less than 100nm which can be collected on silicon 
substrate directly. It could be possible that the location, 
direction and amount of the collected nanofibers can be 
controlled as a manufacturing tool to assist nano-fabrication, 
including the placement/alignment of directional 
nanowire/tube. Limited works regard to aligned nanofibers 
have emerged during last few years, for example, aligned 
nanofibers controlled by electrical field [14], and by using 
rotational mandrel or particular mechanical structure [15] have 
been reported. J. Kameoka et al [16] studied the effects of the 
PEO solution concentration with 5%~30%, and 
electrode-gap-width with larger than 0.5cm on the 
electrospinning by using scanning tip. Solid nanofibers could 
be electrospun when the electro-gap-width is larger that 2cm. 
Several experiments are designed to investigate the effects of 
parameters on the electrospinning process, including 
concentration of the solvent/polymer solution, the delivery 
speed of the solution, and the voltage and gap between 
electrodes. It’s almost impossible to electrospin deterministic 
nanofibers on substrate because of the problems existed in 
conventional electrospinning such as wet, beads, thicker jet, 
multi-jet and branches etc. We try to replace the needle tube 
with probe tip to electrospin the straight, defect free 
nanofibers[24]. Preliminary works on NFES shows that the 
straight nanofibers with diameter of 50nm~500nm and several 
minimeters  even meters long can be drawn onto silicon and 
silicon dioxide substrate with a 500μm-wide gap, in which a 
probe tip with diameter of 20μm was used as the anode under 
a biased voltage of 800 volts. The solid nanofibers are 
different completely from the liquid line through DPN [8] and 
the lithography results through field induced oxidation [17, 
18].  
II. EXPERIMENTS
As one of the most extensively studied polymers for 
electrospinning, Poly (ethylene oxide) (PEO) has been widely 
used with/without the addition of another polymer [19]. In this 
letter, PEO solutions were electrospun in order to investigate 
the effect of process parameters on electrospinning, such as 
spinning voltage, solution concentration, the distance between 
the tip and the collector (ground electrode), and solution flow 
rate. PEO (Mv =300,000) was purchased from Aldrich, ethanol 
and deionized water were all reagent grade. The concentration 
of PEO solution is from 0.5%wt to 7.32%wt PEO in 50 wt 
%/wt50% water/ethanol solvent. 
Two kinds of electrospinning system were setup in which the
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high voltage power supply is ES30P-10W (Gamma High 
Voltage Research). The first system for conventional 
electrospinning is the same as others [18], in which the inside 
diameter of the needle tip is 300 μm, and the silicon chip was 
put on the surface of copper electrode. The solution flow rate 
is controlled by the syringe pump (WPI, SP201). The system 
setup for NFES was illuminated in [24]. 
III. RESULTS
A. Conventional Electrospinning 
As the first step, conventional electrospinning experiments 
have been conducted before NFES in order to understand well 
the mechanism of electrospinning, to investigate the existed 
problems and find the solutions. Process parameters such as 
PEO’s concentration with 0.5%~7.32%wt, the distance 
between needle tip and ground (electrode-gap-width) of 5.0cm 
~ 13.5cm, bias voltage of 12kV~20kV, and solution flow rate 
of 0.1 ml/hr to 5ml/hr were considered. A part of SEM 
microphotos of the electropinning results are shown in Fig. 1. 
Polymer solution concentration is one of the most important 
roles played in the electrospinning process. Experiments show 
that PEO with concentration lower that 2%wt can not be 
electrospun into nanofibers under the electrode-gap-width of 
10 cm, only PEO droplets and film are electrosprayed on the 
substrate because of the lower viscosity. With concentration 
higher than 2%wt, PEO nannofibers were collected on the 
substrate, Fig. 1A, B and C. For 3%wt or lower, a lot of 
defects exist, such as bulk polymer (Fig.1A), beads (Fig.1B), 
thicker fiber with diameter of several microns, split fibers (Fig. 
1D) etc. PEO with 5%wt and 7.32%wt were also investigated, 
defect free nanofibers with round cross section were 
electrospun. The result, of which the higher the concentration 
of the polymer solution, the thicker the nanofibers, is 
agreement with the work of [19]. 
Enough electrode-gap-width is necessary so that (1) the sol-
vent can be evaporated as much as possible before the fibers 
arrive to the collector, and (2) the fibers get to be thinner 
because of solvent can be evaporated as much as possible 
before the fibers arrive to the collector. Take the 3%wt PEO as 
an example, if the electrode-gap-width is shorter than 5cm, 
long continuous nanofibers couldn’t be electrospun [16], see 
Fig. 1A (collection time: 2min). There are two parts between 
the electro-gap-width [1, 2], the first one is the liquid jet with 
diameter of several microns, and the second one is the area of 
whipping and splitting which make the fibers thinner. If we 
collect the fibers in the first region by using a moving 
collector, we can get wet microfibers or microlines, otherwise, 
we can collect random non-woven nanofibers (Fig. 1B, C). 
According to our observation during the electrospinning, 
bias voltage affects the nanofibers’ diameter, the length of the 
liquid jet, the numbers of the jet on the droplet surface, and the 
jet speed, if the electrode-gap-width, shape of the two 
electrodes is fixed. The effect of bias voltage on the nanfibers’ 
diameter agrees with other researchers [19]. Higher bias 
voltage shorten the length of the jet line, so the whipping and 
splitting happen earlier which results in the nanofibers’ chaotic 
motion to larger extent [20]. The other interesting 
phenomenon is that multi-jet was generated from the droplet 
in the front of the needle tip under higher bias voltage. The 
reason should be because of increasing of the charge density 
on the droplet surface. The relations between the numbers of 
jet and the bias voltage or charge density will be explored in 
the future. The droplet becomes smaller, and finally disappears 
under higher bias voltage and fixed solution flow rate. The jet 
is generated only from the inside wall of the tube possibly 
because of the jet speed increasing.  
Wide range of solution flow rate variation is permitted. 
Liquid jet was observed when flow rate with 0.1ml/hr to 
5ml/hr was used. But, the droplet size increases with the 
solution flow rate, and then the possibility of the multi-jet 
generation become larger. With lower flow rate, the pendant 
droplet disappears and the jet is generated from the side wall 
of the tube. 
B. Near Field EelctroSpinning (NFES) 
In order to draw addressable nanofibers on chip, the fibers 
should be collected before its whipping and splitting, therefore, 
the collector should be close to the tip, which is called 
Near-Field ElectroSpinning. However, the thicker, liquid fiber 
with beads and branches is resulted also at the mean time. 
Replacing of the needle tip, we try to use tungsten probe tip 
which is dipped in polymer solution to form a small droplet 
with diameter of tens micrometers. 
The idea of using probe tip as spinneret comes from our 
earlier works in which we try to generate nanofiber from 
polymer solution through mechanical drawing. Dip a probe tip 
into a droplet, pull out with high speed by using 
micro-positioner under microscope, a nanofiber with diameter 
of 50nm and length of 100μm was drawn out without assistant 
of electrical field. An example is depicted in Fig. 2, in which 
the PEO solution with concentration of 3%wt, the probe tip 
with diameter of 5μm was used. SEM photos show that a lot 
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Figure 1 Nanofibers from conventional electrospinning with needle tube’s diameter of 300μm. A, 3%PEO, 20kV, 0.5ml/h, 
electro-gap-width: 5cm; B, 3%PEO, 20kV, 0.5ml/h, electro-gap-width: 11cm; C, 7.32%PEO, 12kV, 0.5ml/h, electro-gap-width: 
11cm; D, 3%PEO, 12kV, 0.5 ml/h, with gap width 11cm. 
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of beads with diameter of 200nm around exist on the 
nanofiber which is in accordance with [21]. 
Solid, bead free nanofibers with diameter of 50nm~500nm, 
were electrospun on silicon and silicon dioxide substrate (the 
thickness of the silicon dioxide is 2μm) by means of NFES, 
SEM photos of which were shown on Fig. 3A~E. Among the 
tried different concentrations from 0.5wt% to 7.32wt%, the 
solid nanofibers can be electrospun from PEO solution with 
concentration higher than 3wt%, even if the electrode 
gap-width is only 500μm.
Nanofibers collected on the fixed and moved substrate were 
also investigated. On fixed silicon substrate, nanofibers with 
spring structure focuses on a small area, i.e. a “spot”. However, 
the nanofibers collected on the fixed silicon dioxide has larger 
distributed area (Fig. 3D). On moved substrate, nanofiber is 
collected along the spinneret track (Fig. 3C and E), which has 
helical structures (Fig. 3C) on the silicon and sways along side 
the spinneret track on silicon dioxide substrate when moved 
substrate slower. The straight nanofibers were also drawn on 
silicon chip when there is an appropriate higher moving speed 
compatible with the electrospinning speed. The results show 
that the nanofibers’ track (direction and location) can be 
controlled possibly by moving substrate or spinneret, and the 
straight nanofibers can be realized by controlled moving speed, 
which are fundamental requirements for deterministic 
nanofibers on a chip.
The applied voltage between spinneret and collector (ground) 
in NFES is much lower than conventional one electrospinning. 
The minimum voltage is only 750V~800V, 1350V~1380V 
when the PEO solution concentration is 3wt% and 5wt% 
respectively, for 500μm gap-width. It can be seen from Fig. 4 
that the minimum applied voltage increases with the electrode 
gap-width and the solution concentration. However, it’s almost 
the same for silicon and silicon dioxide substrate. Lower 
voltage benefits to stabilize the nanofiber’s motion between 
the spinneret and the collector so that the nanofibers on the 
substrate become more ordered. On the other hand, lower 
voltage could reduce the possibility of multijet generated from 
the droplet, which was proved from observation in optical 
microscope during electrospinning. Actually, the pending 
droplet size also plays an important role on the minimum 
initiating voltage. The smaller the droplet is, the higher the 
initiating voltage is required, because it need more electrical 
charge to deform the droplet to form the Taylor cone. 
Nanofibers on silicon and silicon dioxide have different 
patterns. On silicon substrate, nanofibers with spring structure 
focuses on a small area, i.e. a “spot”, and the axis of the spring 
is out of the plane as the electrospinning going on (Fig. 5A, C). 
During the electrospinning, we can see the spring structure 
with tower shape by using optical microscope with 
magnification of 500. But in the SEM photos of Fig. 3A and 
Fig. 5C, the structures are different from what we observed in 
optical microscope, the possible reasons could be: (1) the 




Figure 3 Nanofibers collected on silicon (A~C) and silicon dioxide (D, E) substrate. The polymer solution concentration used 
here is 3wt%, electrode gap-width is 500μm, and the applied voltage is 800V. A, nanofibers on fixed silicon substrate; B, 
nanofiber diameter in A; C, nanofibers on moved silicon substrate, the line is the moved direction, the insets are helical 
structures (Top) and the straight nanofibers without helical structures (right); D, nanofibers on the fixed silicon dioxide 
substrate; E, nanofibers on the moved silicon dioxide substrate, the moving direction is shown as the arrow. 
Figure 2 Mechanical drawn nanofiber with diameter of 50nm 
and length of 100μm. the PEO solution concentration is 
3%wt, the probe tip diameter is 5μm. Beads with diameter of
200nm around exist on the nanofiber.  
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nanofibers or bundle were deformed because of the high 
energy of the electrtronic beam in SEM chamber; (3) a small 
droplet was electrospun initially on the substrate because of 
lower concentration. The diameter of the helical or spring 
structure is in the range of 10~20μm. Moved the collector and 
the silicon chip in one direction during electrospinning, the 
nanofiber with helical structures can be seen clearly on the 
straight line which is a parallel to the track of the tungsten tip, 
along the moving direction (Fig. 3C). The profile dimension of 
the nanofiber line is quite small, which is almost the same as 
the diameter of the helix. The helical structures on the line 
disappear if the silicon chip has a proper moving speed (Fig. 
3C, inset). 
However, the nanofibers collected on silicon dioxide has 
larger distributed area (Fig. 3D, Fig 5B, D), with ordered 
spirality pattern and the diameter of the area increases with the 
droplet size. According to observation under optical 
microscope during the electrospinning, the initiating collection 
point is almost the intersection between tungsten tip axis and 
silicon dioxide substrate, continually the nanofiber moves 
surround the start point with the shape of spirality (Fig. 5D). 
The diameter of the spirality shape increases as the 
electrospinning going on, and the space between adjacent 
nanofibers along the spirality sounds quite uniform which is 
1.5μm (Fig. 5D inset). As the area increasing, the nanofiber 
goes into the nanofibers area from outside somewhere, and 
then goes outside of the area again, which results in the 
disordered inside the nanofibers area. When moving the 
silicon dioxide chip in one direction, we can get waved 
nanofiber along side the track of the tungsten tip (Fig. 3E). 
The profile area of the waved nanofiber is probably 
determined by the chip moving speed and the electrospinning 
speed. From Fig. 3E, we can see the waved nanofiber area gets 
to be smaller along the reverse moving direction (or the 
tungsten tip moving direction correspondingly). It’s reasonable 
that the straight nanofiber along moving direction can be 
realized by making the moving speed compatible with the 
electrospinning speed. This work will be going on in the near 
future. 
The electrode gap-width changing from 500μm to 3000μm
plays little roles on the area size of the nanofibers pattern on 
silicon and silicon dioxide substrate, from which we can 
conclude that the nanofibers motion between spinneret and the 
collector is in the first part mentioned above. There is no 
whipping or random part when the gap-width is so small so 
that we can get ordered nanofibers on chip.  
For the PEO solution with the same concentration, the 
diameter of the nanofibers on silicon is much thicker than that 
on silicon dioxide under the same applied voltage. According 
to our statistical results, at the electrode gap-width of 500μm, 
the diameter of nanofiber on silicon is in the range of 
150nm~300nm, which electrospun from 3wt% PEO under bias 
of 800V, and 300nm~500nm from 5wt% PEO under bias of 
1380V. While the diameter of the nanofibers on silicon dioxide 
is only in the range of 50nm~200nm from 3wt% PEO, and 
100nm~300nm from 5%PEO at the same conditions. In Fig. 
3C and E, the chip moving speed is almost the same during 
electrospinning, but the nanofiber on silicon dioxide is waved 
with amplitude of hundreds micrometers. Therefore, the 
electrospinning speed on silicon dioxide is much higher than 
that on silicon, which results in the thinner nanofibers.Why are 
the pattern, diameter and the electrospinning speed different 
on different substrate? It’s possible because (1) the local 
electrical field is different. Silicon is conductive material, the 
electrical field keeps almost the same after put the silicon chip 
on the ground, the behavior of electrospinning on silicon is the 
same as normal ground. While the electrical field is changed 
after put the silicon dioxide on the ground because of its 
insulation; (2) the electrical charges in the nanofibers on the 
silicon dioxide can not be conducted into the ground 
immediately, which repels the following nanofibers to 
surround the nanofibers existed on the chip. The mechanism 
should be complicated which will be discussed elsewhere. 
IV. CONCLUSIONS
We first time report NFES with the electrode-gap-width of 
500μm~3000μm under low bias voltage of 800V, with which 
it’s possible to electrospin deterministic nanofibers on chip. 
It’s been shown from the experiments of conventional 
electrospinning that the electrospun fibers has to be collected 
at the first part, i.e. before whipping and splitting happen, if 
we want to obtain deterministic nanofibers on chip. However, 
problems existed in conventional electrospinning make it 
almost impossible to be realized, such as wet, beads, thicker 
jet, multi-jet and branches etc. Replacing the needle tube with 
probe tip, solid nanofibers with diameter of 50nm~500nm, and 
with length of several minimeters to meters were electrospun. 
The nanofibers patterns on silicon and silicon dioxide are 
different completely. Nanofibers with spring-like structure 
with an out-of-plane axis was collected on the fixed silicon 
chip, the diameter of the spring is 10μm~20μm However, 
nanofibers with spirality shape lies on the fixed silicon dioxide 
chip, the distributed area which depends on the droplet size is 
much larger than that on silicon. Straight line with helical 
structures paralleling to the track of probe tip was drawn out 
on silicon chip, while waved nanofiber swaying along the 
track of the probe tip was collected. The straight nanofiber 
without helical structures and wave could be drawn on the 
chip if the chip moving speed is compatible with the 
electrospinning speed. That means, the track of the electrospun 
fiber can be controlled possibly by means of locating the 
probe tip and controlling the chip moving speed. On the other 
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Figure 4 Voltage applied with different electrode gap-width, 
concentration and substrate 
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based on NFES because of its above properties.
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Fig. 5 Nanofibers pattern on silicon and silicon (A, C) dioxide substrate (B, D). A and B, schematic diagram of nanofibers on 
silicon and silicon dioxide respectively; C, SEM photographs of droplet and nanofibers on silicon (3wt% PEO, 500μm, 800V); 
D, Spirality pattern on silicon dioxide substrate (3wt% PEO, 3000μm, 1500V), the inset is the magnification of the red box area.
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